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(57) ABSTRACT 

A method and apparatus are provided for temporally stretch- 
ing and smoothing of the pulses of an output beam of 
excimer and lithography lasers. The method and apparatus 
are based upon providing an optical delay line or circuit 
having a plurality of optical reflectors and a plurality of 
beam recombiners or splitters so arranged as to divide the 
pulse into numerous portions which vary in their travel time 
through the circuit. As a result, the energy of the incident 
pulse is greatly stretched and smoothed. 

39 Claims, 3 Drawing Sheets 
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the laser pulse. By this method, the maximum peak intensity To achieve the same beam properties of the laser beam 

can be substantially reduced and pulse stretching of more after each round trip imaging optics can be introduced into 

than a factor of 2 can easily be achieved. the delay line. FIG. 6 illustrates the use of optical lenses to 

Another advantage of this arrangement is that all light correct for beam distortions involved in the transit of light 

portions propagate only in the direction of the delay line 5 through the optical delay circuits. The imaging optics may 

output, no light is referenced back. Therefore, high trans- be coated with anti-reflective materials. The imaging optics 

mission values of the delay line are achievable. Further, can also be finely adjustable to shape and tune the temporal 

placement of a second partially reflective mirror (6) in the profile of said pulse. Thus, any beam distortions due to the 

optic delay circuit corrects for the refraction associated with high divergence of excimer laser radiation can be corrected, 

each passage through the first partially reflective mirror (2). 1Q The Time Integral Square: 

To achieve high transmission of the delay line in the deep 

UV spectral range the whole system is tightened and flushed r r 1 2 

with nitrogen or any other non-reacting gas that does not m I J (f ^'J '(0 - Intensity of the light 

show any light absorption in the spectral range between 150 ~ JlHQdt / - time 

and 200 nm. Alternatively, when it is desired to reduce gas 15 
absorption of light energy, the whole delay line can also be 

evacuated provides a measure of how much a laser pulse has been 

™ ' , .... , , t , . . stretched out over time. This measure is therefore useful io 

TTiere are two additional methods to achieve high pro- evahati the p erformance of optical delay systems. FIG. 7 

longation factors (>2). One method is to realize a long delay shows th 30 m of an unstretche d excimer laser pulse 

hoe with either large geometrical dimensions or many 20 and lhe stret ched pulse after having passed a delay Hne with 

optical components for beam folding. The disadvantage with a mmd tfip delay of 6 ns Jn this case> me Time Imegral 

both methods stems from the great difficulty in achievmg a Square could be increased by a factor of only 1.63. FIG. 8 

high optical stability for the whole system. On the other show me stretching after 2 cascaded delay lines with 

hand, using cascaded delay lines (i.e., delay lines where a 6 ns delay time in each delay line. The TIS is now prolonged 

light portion undergoes direction reversals and multiply 2 5 by a factor of 2.14. In FIG. 9 the original and the stretched 

encounters an optical element prior to completing a full pu i se after 2 cascaded delay lines with 12 ns delay time in 

circuit) or multiple passes through a single delay line as in eac h delay line is shown. The TIS was prolonged by a factor 

FIG. 5 can allow for very large extension values (>2 or 3) of 2.76. The substantial TIS factors which are obtained with 

without a corresponding increase in geometry. An advantage these methods are capable of substantially prolonging the 

of cascaded delay lines is that each single delay line of a 30 Hf e Q f optical materials, such as those used in 

cascaded set-up has small geometrical dimensions and the microlithography, whose photodegradation is especially 

whole delay setup is modular, i.e., the user can combine as aggravated by the peak intensity of a light pulse, 

much delay lines as it is necessary for his application. The Those skilled in the art will appreciate that the just 

disadvantage is, that in special cases quite a lot of optical disclosed preferred embodiments are subject to numerous 

components are necessary. 35 adaptations and modifications without departing from the 

As indicated by the light paths in FIG. 5, portions of the scope and spirit of the invention. For instance, dielectric 

incident light beam which are reflected at any of the four mirrors may be used to direct or split the incident laser light, 

encounters with a beam splitter are reflected into the optical The reflectivity of the mirrors of the optical circuit may be 

delay circuit. An incident light beam must first be transmit- varied from 5% to 95%. The length of the delay lines can be 

ted through a first beam splitter (15), a second beam splitter 40 finely adjusted to smooth out the intensity spikes. The 

(16), and then after being reflected by a prism (14) be optical elements may be made of a variety of suitable 

retransmitted a second time through both the second (16) materials including calcium flouride (CaFj), fused silica, 

and first (15) beam splitters. Thus, an incident light beam has sapphire, barium flouride (BaFJ and magnesium fluoride 

four opportunities to be reflected into the optical delay (MgF 2 ). 

circuit before exiting the device. Assuming 50% reflection/ 45 Therefore, it is to be understood that, within the scope and 

transmission at each optical reflector/beam splitter, approxi- spirit of the invention, the invention may be practiced other 

mately only V\6 th of the incident light beam passes through than as specifically described above. The scope of the 

without some delay due to diversion into the optical delay invention is thus not limited by the particular embodiments 

circuit. described above. Instead, the scope of the present invention 

Each additional interaction with a beam splitter greatly 50 is understood to encompass the claims that follow, and 

increases the likelihood that some portions of the incident structural and functional equivalents thereof, 

beam which were reflected into the optical delay circuit will We claim: 

be retained in the circuit for a greater travel distance, and 1. An optical pulse stretcher, comprising a plurality of 

therefore a longer period of time. For example, the portion optical beam splitters for dividing a laser pulse into multiple 

of an incident beam which was initially reflected at the first 55 beam portions including multiple delayed beam portions, a 

beam splitter, will travel from the first minor prism (11) to plurality of optical reflectors configured with said optical 

the major prism (13) to a second minor prism (12) and then beam spliters so as to provide an optical delay circuit 

to the second beam splitter (16). If a portion of this beam is characterized by a plurality of reflections and a plurality of 

to directly proceed from this point to the exit point from the different optical path lengths for said delayed beam portions 

optical delay device, it must first be reflected by the second 60 to travel; and wherein said beam splitters and optical reflec- 

beam splitter (16), whereupon it is reflected by the return tors direct said beam portions into, around, or out of, said 

prism (14) to the second beam splitter (16) again where upon circuit, and wherein said laser pulse is stretched and thereby 

it must be transmitted through both the second beam splitter a peak intensity of said laser pulse is reduced such as to 

(16) and the first beam splitter (15). Only one-eight of the substantially reduce damage to optical materials in the beam 

initially reflected beam (or one-sixteenth of the incident light 65 path after the pulse stretcher. 

beam) will therefore follow this most direct route to exit the 2. An optical pulse stretcher of claim 1, wherein said 

optical delay circuit. circuit comprises a first beam splitter and a second beam 
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splitter each separately positioned to intercept a portion of c) a second beam splitter located at the point where said 

said pulse traveling on said shortest route through said route intersects with said path of said first portion; 

stretcher and a portion of said pulse traveling across said wherein said second beam splitter is oriented to reflect 

route; and wherein said first beam splitter and said second a ^ of said ^ cond portion in a manner to recom . 

beam splitter are oriented so as to d, vert a portion o said 5 bine sai d reflected second portion with a portion of said 

pulses travehng on sa.d route off of sa.d route and to divert ^ ^ which . transmitted b sajd second beam 

a portion of said pulse traveling across said route onto said .... , A .. . 

ro ^ ie r to splitter, said second beam splitter also functioning to 

r0U 3 e An optical pulse stretcher of claim 1, wherein said transmit of said SCCOnd P orlion and ren f a 

optical delay circuit comprises a first beam splitter and a 10 P ortlon of said first P° rtl ° n in a manner lo rec0 ^ bl ^ 

second beam splitter wherein refraction of a portion of said said transmitted portion of said second portion and said 

pulse transmitted through said first beam splitter is corrected reflected portion of said first portion, and 

by transmission of said portion through said second beam wherein said output pulse is stretched and thereby its peak 

splitter. intensity is reduced such as to substantially reduce 

4. An optical pulse stretcher according to claim 1, wherein 15 damage to optical materials in the beam path after the 
said circuit is under a vacuum or under an atmosphere which pulse stretcher. 

minimally absorbs pulse energies between 200 nm and 150 20. A pulse stretcher as recited in claim 19, wherein there 

nra - are four optical reflectors positioned at the. corners of a 

5. An optica] pulse stretcher according to claim 1, wherein rectangle. 

said optical reflectors comprise prisms using total internal 20 21. A pulse stretcher as recited in claim 19, wherein said 

reflection. optical reflectors comprise prisms. 

6. An optical pulse stretcher according to claim 5, wherein 22 ^ ^ ^ stfetcher according t0 claim 2 1, 
said prisms are made of one from the group consisting of wherein gaid rQutc fa cascadcd so u tQ fcducc mc ovcd |n 

CaF 2 , fused silica sapphire, MgF 2 and BaF 2 . said prisms of the energy of said portions undergoing 

7. An optical pulse stretcher according to claim 5, wherein « l4 . , 

. . . a .« ^ multiple passes, 

said prisms are anti-reflection coated. 4 , * • ^ • i • t_ • 

8. An optical pulse stretcher according to claim 1, wherein 23. A pulse stretcher as recited in claim 21, wherein there 

said optical beam splitters are partially reflective surfaces. are two P rism reflectors - , m 

9. An optical pulse stretcher according to claim 1, wherein 24 ' ^ °P tlcal P ulse stretcher ^cording to claim 21, 
said optical reflectors comprise highly reflective mirrors. 30 w h erein said P nsms are made of one from the 8 rou P 

10. An optical pulse stretcher according to claim 1, consisting of CaF 2 , fused silica, sapphire, MgF 2 and BaF 2 . 
wherein said beam splitters are a plurality of dielectric 25. An optical pulse stretcher according to claim 21, 
mirrors with a reflectivity between 5% and 95%. wherein said prisms are anti-reflection coated. 

11. An optical pulse stretcher according to claim 1, 26. An optical pulse stretcher according to claim 19, 
wherein said beam splitters are a plurality of dielectric 35 wherein said optical beam splitters comprise partially reflec- 
mirrors with a reflectivity of about 50%. tive surfaces. 

12. An optical pulse stretcher according to claim 1, 27. An optical pulse stretcher according to claim 26, 
wherein said beam splitters are made from one of the group wherein said beam splitters are a plurality of dielectric 
consisting of CaF 2 , fused silica, sapphire, MgF 2 and BaF 2 . mirrors with a reflectivity between 5% and 95%. 

13. An optical pulse stretcher according to claim 1, 40 28. An optical pulse stretcher according to claim 26, 
wherein said circuit is comprised of delay lines whose wherein said beam splitters are a plurality of dielectric 
lengths may be finely adjusted to smooth out intensity mirrors with a reflectivity of about 50%. 

spikes. 29. An optical pulse stretcher according to claim 19; 

14. An optical pulse stretcher according to claim 1, wherein the proportion of the energy of said pulse traveling 
wherein said circuit is comprised of cascaded paths for said 45 sa id route and the times of traveling along said route are 
portions to travel. sufficient to increase the time integral square of said pulse by 

15. An optical pulse stretcher according to claim 1, a factor of 1.5. 

wherein said circuit is comprised of imaging optics to 30. An optical pulse stretcher according to claim 19, 

correct distortion of said pulse due to passage of said pulse wherein said route is of sufficient length that a portion of 

through said circuit. 50 said pulse can not travel it in less than 4 seconds. 

16. An optical pulse stretcher according to claim 15, 31. An optical pulse stretcher according to claim 19, 
wherein said imaging optics are finely adjustable to shape wherein said beam splitters are made from one of the group 
and tune the profile of said pulse. consisting of CaF 2 , fused silica, sapphire, MgF 2 and BaF 2 . 

17. An optical pulse stretcher as in claim 15, wherein 32. An optical pulse stretcher according to claim 19, 
elements of said imaging optics are made from one of the 55 comprising imaging optics to correct divergence of said 
group consisting of CaF 2 , fused silica, sapphire, MgF 2 and p U i se occurring on said route. 

BaF 2 . 33, An optical pulse stretcher according to claim 32, 

18. An optical pulse stretcher as in claim 15, where wherein said imaging optics are finely adjustable to shape 
elements of said imaging optics are anti-reflection coated. anc j tune the profile of said pulse. 

19. An optical pulse stretcher, comprising: 60 34. An optical pulse stretcher as in claim 32, wherein 

a) a first beam splitter located in the path of said pulse for elements of said imaging optics are made from one of the 
transmitting a first portion of an output pulse and group consisting of CaF 2 , fused silica, sapphire, MgF 2 and 
reflecting a second portion of said pulse; BaF 2 . 

b) a plurality of optical reflectors positioned to redirect 35. An optical pulse stretcher as in claim 32, where 
said second portion along a route which intersects said 65 elements of said imaging optics are anti-reflection coated, 
first portion and thereafter intersects said first beam 36. An optical pulse stretcher according to claim 19, 
splitter; and wherein said route is under a vacuum or under an atmo- 
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sphere which minimally absorbs pulse energies between 200 
nm and 150 nm. 
37. An optical pulse stretcher, comprising: 

a) a first beam splitter located in the path of said pulse for 
transmitting a first portion of an output pulse and 
reflecting a second portion of said pulse; 

b) a second beam splitter located in the path of said pulse 
for transmitting a portion of said pulse and reflecting a 
third portion of said pulse; 

c) a plurality of prisms positioned to delay said second 
portion and said third portion different amounts by 
passage along a cascaded route which increases the 
amount of said delay for a given prism spacing; and 

d) a means of recombining said second portion and said 
third portion with said first portion, and 

wherein said output pulse is stretched and thereby its peak 
intensity is reduced such as to substantially reduce 
damage to optical materials in the beam path after the 
pulse stretcher. 
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38. An optical pulse spreader as in claim 37, wherein said 
means of recombining comprises a second beam splitter 
located at the point where said route intersects with said path 
of said first portion; wherein said second beam splitter is 
oriented to reflect a portion of said second portion in a 
manner to recombine said reflected second portion with a 
portion of said first portion which is transmitted by said 
second beam splitter, said second beam splitter also func- 
tioning to transmit a portion of said second portion and 
reflect a portion of said first portion in a manner to recom- 
bine said transmitted portion of said second portion and said 
reflected portion of said first portion. 

39. An optical pulse stretcher of claim 37, wherein said 
stretcher has a modular configuration which allows said 
stretcher to be combined in series with another of said 
stretcher; said series combination stretching said pulse to a 
greater extent than the stretching provided by one of said 
stretcher. 
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